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Substitution of the a spa ragin e-UnJted GIcNAc by a 1,3* 
linked fucoee la a widespread feature of plant as well as 
of insect glycoproteins, which renders the iV-glycan im- 
munogenic. We have purified from mung bean seedlings 
the GDP-L-FuctAsn-linked GIcNAc al,3-fucosyltrans- 
ferase (core a 1,3-fucosyl transferase) that is responsible 
for the synthesis of this linkage. The major isoform had 
an apparent mass of 54 fcDa and isoelectric points rang- 
ing from 6.8 to 8.2. From that protein, four tryptic pep- 
tides were isolated and sequenced. Based on an ap- 
proach involving reverse transcriptase-polymerase 
chain reaction with degenerate primers and rapid am- 
plification of cDNA ends, core ol,3-fucogyltransferaae 
cDNA was cloned from mung bean mRNA. The 2200-base 
pair cDNA contained an open reading frame of 1530 base 
pairs that encoded a 5 10- amino acid protein with a pre- 
dicted molecular mass of 66.8 kDa. Analysis of cDNA 
derived from genomic DNA revealed the presence of 
three introns within the open reading frame. Remark- 
ably, from the four exona, only ezon II exhibited signif- 
icant homology to animal and bacterial al v 3/4-fucosyl- 
transferases which, though, are responsible for the 
biosynthesis of Lewis determinants. The recombinant 
fucosyltransferase was expressed in Sf2i insect cells us- 
ing a baculovirua vector. The enzyme acted on glycopep- 
tides having the glycan structures GlcNAc^l-2ManaI- 
3(GlcNAc/}l-2Manal-6)Manpl-4GlcNAc/3l-4GlcNAc61- 
^ n ^, GlcNAc ^ 1 - 2Manal - 3(GlcNAc ^l-2Mano:l-G>ManB- 
l-4GlcNAcpl-4(Fuc«l-.6)GlcNAcpi-Aan, and GlcNAcS- 
l-2Manol-3[Manal-3CManal-6)Manal-6JManfll*4- 
GlcNAc01-4GlcNAc£l-Asn but not on, e.g. AT-acetyllac- 
tosamine. The structure of the core al,3-fucosylated 
product was verified by high performance liquid chro- 
matography of the pyridylaminated glycan and by its 
insensitivity to iV-glycosidase F as revealed by matrix- 
assisted laser desorption/ionization time of flight mass 
spectrometry. 



The most characteristic features of asparagine-Iinked oligo- 
saccharides from plants are the substitution of the core pen- 
tasaccharide by xylose and al,3-lmked fucose (1, 2). The result- 



ing heptasaccharide "MMXF 3 " (Fig. l) very often constitutes 
the main oligosaccharide species on a plant glycoprotein (3, 4). 
According to their biosynthesis, these structures are classified 
as complex-type AT-glycans, even though the terms pauciman- 
nosidic or truncated Mglycans appear to be more justified. The 
a>mannosyl residues may, however, be substituted by GIcNAc 
and these GIcNAc residues may be further decorated by galac- 
tose and fucose to form the same structure as the human Lewis 
a epitope (Fig. 1) (5, 6). 

The antigenicity of "paucimannosidic" plant tf-giycans is 
well documented (7-11). Since both xylose and core al,3-fucose 
are not seen in mammalian glycoproteins they may form the 
key component of epitopes for carbohydrate-reactive antibodies 
(9, 10, 12). There is, however, evidence that the al,3-linked 
fticosyl residue is the predominant antibody binding structural 
element (3, 8, U, 13). Due to the ubiquitous occurrence of such 
paucimannosidic AT-glycana throughout the plant kingdom 
they are responsible for the frequently observed cross-reactiv- 
ity of antibodies raised against plant glycoproteins and are 
therefore termed "cross-reactive carbohydrate determinants" 
(12, 14, 15). Anti-cross-reactive carbohydrate determinants an- 
tibodies of the IgE class have been found in sera of many 
allergic patients (8. 11, 13, 14, 16, 17). While the clinical role of 
cross-reactive carbohydrate determinants remains controver- 
sial, they are suspected to obscure (at least in vitro) allergy 
diagnosis. Anti-cross-reactive carbohydrate determinants anti- 
bodies will also react with many insect glycoproteins such as 
honeybee venom phospholipase A? or neuronal membrane gly- 
coproteins from insect embryos because insects, like plants, are 
capable of synthesizing the core al,3-fucose epitope (3, 11-13, 
18, 19). * 

In contrast to the blood group-related rucosyltransferases 
which act on the nonreducing terminus of AT-glycans, O-gly- 
cans, or glycolipids (20), core fucosyltransferases have received 
little attention. Only recently, the molecular cloning of GDP-l- 
Puc :Asn-linked GIcNAc al,6-fucosyltransferase (core al 6-fu- 
cosyltransferase, Fuc-T C6, FucT VIII) from porcine brain and 
from human gastric cancer cells has been reported (21, 22). Aa 
regards core nrl,3-fucosyltransferase (Fuc-T C3), a first charac- 
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a 1 ^* a ^royint*o»w used am: Fuc, l- Fucose; Fuc-T C3, GDP-t.-Fuc: 
Asn-lmkjd GIcNAc a I ^-fucosyltransferase (core aWuewyl rani 
ferase* PW-T C6, CDP-t-r^Asn-linked GIcNAc a\ 6-rw£ rant 
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Fig. 2. Selected steps in the purification of core a 1,3-fucoeyl transferase, A, separation or> S-Sepharose; B. separation on CnGn- 
Soplmroso. Details arc givcnunder Ex pen mental Procedures.* Fractions from each column were assayed for protein O Fuc-T C3 i») «nd 



Step .1: following dialysis of the cluate from stop 2 against buffer B 
(25 niM sodium citrate buffer, plf 5.3, containing 0. I* Triton X- 100 and 
0.02% NaN,) it was loaded onto a column (1.5 x 18 cm) of S-Sepharose 
equilibrated with the same buffer. Bound protein was edited with a 
linear gradient from 0 to 0.5 M NbCI in buffer R Fractions containing 
Fuc-T C3 were pooled and dialyzed against buffer C (25 dim Tris-IICI 
buffer, pH 7.3, containing 5 nui MnCl, and 0.02% NaN 3 >. 

Step 4: the dialyzed sample was applied to a column (0.5 x 4.5 on) of 
GnGn-Sepharose previously equilibrated with buffer C. El u I ion of the 
bound protein was accomplished with buffer C containing 1 m NaCl 
instead of MnCl 2 , 

Step 5: the enzyme was then dialvzed against buffer D <25 mM 
Tris-HCI, pH 7-3. containing 10 mM MgCI* 0.1 m NaCl, and 0.02% 
NaN,} and subsequently loaded onto a column (0.5 x 4.5 cm) of GDP- 
hexanolaminc-Scpharose. After washing the column with buffer D, 
Fuc-T C3 was el u led by substituting MgCl a and NaCl wiLh 0.5 mM GDP. 
Active frarlions wnre pooled, dialyzed against 20 mM Tris-HCI buffer of 
pll 7.3, and lyophilized. 

Electrophoretic Methods- SDS-PACE was performed in a Bio- Rail 
Mini Protean Cell on gels containing 12.5% a cry la mi do and 1% bisac- 
rylamide. Gels wore either stained with Coomassie Brilliant Blue R-250 
or silver. Isoelectric focusing of Fuc-T C3 was carried out on precast gels 
with a pi range from 6 to 9 (Servalyt precotes 6 • 9. Serva) and gels were 
silver stained according lo the manufacturers instructions. For two- 
dimensional electrophoresis, lanes from the focusing gel were excised, 
treated with S-aJkylation reagents and SDS. and subject to SDS-PAGE 
as described previously (30). 

Amino Acid Sequencing and Mass Spectrometry Peptide Mapping — 
Protein bands were excised from CeemaRsie-stained SDS-polyacryl- 
amide geK wboxyamido methyl a ted, and digealod with sequencing 
grade trypsin according to the in-gel digestion procedure described 
previously (31). The tryptic peptides were separated by reverse phase 
HPLC on a 1.0 x 250-mm Vydac C18 at 40 °C with a flow rate of 0.05 
mlAnin using a UP 1100 apparatus (Hewlett-Packard). Isolated pep- 
tides were sequenced with a Hewlett- Packard C1005A protein sequenc- 
ing system according to the manufacturer's protocol. In addition, the 
peptide mixture obtained by in-gel digestion was analyzed by MAI .1)1- 
TOF MS (see below;. 

Reverse Transcriptase- PCR and cDNA Cloning of Core a!,3-Fucosyl* 
transferase— Total RNA was isolated from 3-day-old mung bean bypo- 
cotyts using the SV Total RNA Isolation System from Promega acrbriJ- 
ing to the supplier's instruct tons. To achieve first strand cDNA 
synthrsis, total RNA was incubated for 1 h at 48 T with avian myelo- 
blastosis virus reverse transcriptase and oligotfT* primer using the 
Reverse Transcription System (Promega). First strand cDNA was 
subjected to PCR using as the sense primer 5*-GCIGARTAYTAYGCIC- 
ARAAYAAYATHGC-3 * (Si) and as the antisense primer 5'-CRTADA- 
TRTG RTAI ACIGTYTC -3 ' (S2) or 5*-TADATIS WYTCCATYTC RAA-3 ' 
(S3>, where I stands for inosin; R for G * A; Y for T « C; U for T + C 
+ A; D for T + G » AjSforC* C; and W for A * T. PCR was performed 
on 10 m1 of the reverse transcriptase reaction in a volume of 50 pi 
containing 0.1 pmol of each primer, 0.1 mM dNTPs, 2 mM MgCL. 10 mM 
Tns-HCl buffer of pll 0.0, 50 mM KOI, and 0.1% Triton X-100. After an 
initial denature lion step at 95 "C Tor 2 min, 40 cycles of 1 rain at 95 °C, 

io m ci? 81 49 * C * Bnd 2 min at 72 ° C wert> mn * ^ finai cx^'wfon step at 
72 °C was carried out for 8 min. PCR products were subclone*! into 
pCR2.i vector using the TA Cloning Kit Unviiragea) and sequenced. 

On the basis of the sequence of PCR product(s), the missing 5* and 3' 
regions of the cDNA coding for Pur-T C3 were obtained by 5'- and- 
'?'; ra Sf d . amp,i '? ca,ion of rDNA onda (RACE) using the RACE kit from 
Ufe Technologies, Inc. according to (he manufacturer^ recommenda- 



tions. 3'-RACE was performed with hemi-nested PCR using as anti- 
sense primer the universal amplification primer supplied with the kit 
and as sense primers at first S'-CTGGAACTCTCCCTGTGGTT^* ami 
then 5 '-AGTGCACTAGAOOGCCAGAA-3 '. likewise, 5'-RACE was 
perfonned by means of hemi-nesled PCR using as the sense primer the 
abridged anchor primer supplied with the kit and as auti.se use primers 
either 5'-CAATGCAAAGACGCCACCATGAAT-3' and then 5'-TTC- 
GAGCACCACAATTGCAAAT-3* or PCR was performed with an an- 
neating temperature of 55 °C under conditions otherwise as described 
above. Both 5'. and 3'-RACE products were subdoncd into pCR2.1 
vector and sequenced. 

PCR with Genomic DNA— Genomic DNA was prepared out of lyoph- 
itized mung bean hypocotyls by means of (he DNeasy Plant Kit (Qiagen) 
following the manufacturer's instructions. PCR was performed on 200 
ng of DNA in 50 p] of solution containing 20 nmo! each of fucosyltraiis- 
ferase-speriflc primers (see below) essentially as described above except 
that the annealing temperature was raised to 5B °C. The three resulting 
PCR products (FSP34 59, FSP37-5I5, and FSP 32-511) were sub- 
cloned into pCR2.1 %iector using the TA cloning Kit (Invitrogen) and 
sequenced. Forward primers 5'-GGAAOCATCCACCCATAAC3' 5*-A- 
GTCGTGTTCGGTTGGATGT-3', and 5'-CTGOAACTGTCCCTGTCGT- 
T-3' and reverse primers 5'-CTCAGCATAGTATPCTGCTG-3' 5'- GAA- 
GCAGCAAAGTCCTGAATA-3 \ and 5'-GTACC ATCTACCGCAT-1 ' 
were used to cover cDNA regions from 174 to 522, 392 to 944, and 890 
to 1550 bp, respectively. 

DNA Sequence Analysis Sequences of subcloned fragments were 
determined by the dideoxynucleotide chain termination method using 
an ABI PRISM Dye Terminator Cycle Sequencing Ready reaction Kit 
and an ABI PRISM 310 Genetic analyzer (rVrkin- Elmer). T7 and M13 
forward primers were used for sequencing the PCR product* cloned in 
pCR2.1. Sconcing of both st rands of the complete coding region was 
perfonned by the Vienna VBC Genomics- Sequencing Service using the 
cycle sequencing metliod with infrared labeled primers URD700 ami 
IRD800) and a LI-COR Uong Read IR 4200 sequencer (Lincoln, NE). 

Expression of Recombinant FucT C3 in Insect Cells The coding 
region of the putative Fuc-T C3 cDNA including the cytoplasmic and the 
transmembrane regions was amplified using ll»e forward primer 5'- 
rggcggn tcCGC AATPG AATGATG-3 ' and the reversal primer S'-ccgci-u 
^CTACCATTTACCCCAT-3' by means of the Expand High Fidriity 
V?? System (Rocue Molecular Biocbemicals). Toe PCR. product-was 
double digested with fa} and Bam\U and subcloned into alkaline 
phosplwitase-treated baculovirus transfer vector pVU393 previously 
double digested with Pstl and RamHL To allow homologous recombi- 
2i?* 0D ™ he lransfer vector w «s co- transected with BaculoGoId viral 
DNA (PliiirMingen, San Diego, CA> into SfD insect cells in IPU41 
medium containing IJpofectin. After 5 days of incubation at 27 °C ( 
various volumes of supernatant containing recombinant virus were 
used for infection of Sf2! insect cells. After incubation for 4 days at 
27 *C in IPL-41 medium containing 5% fetal calf serum, the Sf2l cells 
were Iwrvesled and washed twice with phosphate-buffered saline. The 
52 l£ m nsil& ^ ndod in 25 «>»« Tris-HCI buffer of pH 7.4 containing 
2% Triton X- 100 and disrupted by sonication on ice. This homogenate as 
well as (he culture supernatant were assayed for Puc-T C3 activi(y. 
Mock infections were performed with recombinant baculovirus encod- 
ing tobacco ClcNAc transferase I (28). 

Analysis of the Transferrin Product Dabsylnted GnGn-hexaneptidc 
(2 tunolj I was incubated with insect cell homogenate containing re com - 
binat»t Fuc-T C3 (0.08 millimiii) in the presence of non- radioactive 
GDP-^Tucosp (10 nmol) under conditions otherwise identical to those 
described for determinaUon of transferase activity (see above). A control 
experiment was performed with homogenate from mock -infected insect 
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Flo. 4. cDNA and deduced amino 
acid sequence of mang bean core 
<*l,3-fucosyltransfera8e. The complete 
cDNA comprises 2198 base pairs includ- 
ing an open reading of 1530 base pairs 
whiith encodes a 510-amfno add protein 
willi a theoretical molecular mans of 56.8 
kOa. The hydrophobic putative trans- 
membrane domain is double, underlined. 
The peptide sequences obtained by amino 
add sequencing arc indicated by single 
underlining. Consensus sites forasparag- 
ino-linkcd glycosylation are indicated by 
diamonds. 
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lg| AAC^CGJCA^TTGACT^CC^GJT^CTTCTTC^CCGCT^rCGAC^C^ 

ffl ^"g^S^g^^^C^TpG^^IU^TCyCSAAgT^^ 
fil ^^IGG^T.T^CAprG^jrCX^CCXITCpTgTTgG^TG^CCTGJTGgA 

181 ^"P^^T^W^S^^^^^Wog^ 118 
Hi T^^j^rT^^g^^g^"^*^ 1 ^ 0 ^ 218 

211 T : T G ^V^I^f T ^"g"} TG g TGG ^ T ^"^«§TGAT 7|g 
211 ^g^^C^G^G^GJCCJG^gCT^rpA^TACJGTfTG^T ggg 
Itl ^^ T «==^"$I=5*ACTG^TTCT^C^T § CC r( ^ r <^^ Jgg 

111 ^^P^WW^^T^S^TgTGrTG^GACCATGAGATATCJXG^GJA l^g 
l $il ^^^^A^TC^TC^T^GCrgG^CT^GIGCgrCCATCTGgCTgCTyC Iggg 

l ill ^^^g^^^^^^^^gCCpAJ^GACGTC^CAAGT^ 12gjj 
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l iil T ^ < ^f*^C^TCp^gTGTAT G ^GAgTG|AAC^pG^GJTAp lj|g 
X |81 Cp^^^^P^^CApTJTGJGIAGCATGCCCTAAATGCTACCT^ 1S60 

liil H 




Due to the lack of information about the natural N terminus 
of Fuc-T C3, the possible N terminus can only be deduced from 
potentiaLinitiation codons between the putative transmem- 
brane region (see below) and the first stop codon toward the 6' 
end. The open reading frame that starts with the first Met 
residue located right beneath a stop codon encodes a protein of 
510 amino acids, a molecular mass of 56.8 kDa, and a calcu- 
lated prof 7.51 (Fig. 4). A theoretical tryptic peptide map of the 
deduced complete amino acid sequence exhibited significant 
similarity to the map of purified Puc-T C3 (data not shown). 

Expression and Characterization of Recombinant Fuc-T C3~— 
The coding region of Fuc-T C3 was engineered into a baculovi- 
rua transfer vector. Various amounts of progeny virus from the 
co-tranafection were used to infect Sf21 insect cells. In the best 
batch obtained, total fucosyltransferase activity of cells and 
supernatant was about 30 times higher than in the mock in- 
fected control batch. The endogeneous activity measured in the 
absence of recombinant transferase arises, however, essen- 
o a insect Fuc - T C6 and on] y to a marginal extent from 

Fuc-T C3 (32, 36). Thus, the increase in Puc-T C3 caused by the 



recombinant baculovirus is well above 100-fold. 

Similar to the ria^uraTenxyu^the recombinant transferase, 
displayed a broad maximum of activity around pH 7 0 when 
measured in Mes-HCl buffer and the presence of divalent cat- 
ions, in particular of Mn** , enhanced its activity. Among the 
acceptors employed, GnGn-peptide gave the highest incorpora- 
tion rates under standard assay conditions, closely followed by 
GnGnP'-peptide and M5Gn-Asn (Table II). The apparent K 
values for the acceptor substrates GnGn-peptide. GnGnF*-pe£ 
tide, M5Gn-Asn, and for the donor substrate GDP-fucose were 
estimated to be 0.19, 0.13, 0.23, and 0.11 mM, respectively No 
transfer was observed to MM-peptide which lacks the terminal 
GlcNAc residue on the 3-linked mannose regarded to be a 
structural requirement for core fucosyltransferases (1 2 37) 
By the standard assay, fucosyl transfer to GalGal-peptide could 
not be observed. However, a low rate of incorporation was 
demonstrated by MALDI-TOF MS (see IaUrTrLombinlnl 
Fuc-T C3 was inactive toward common acceptors used for the 
determination of blood group *l,3/4-fucosyl transferases which 
transfer fucose to GlcNAc residues at the nonreducing termini 



21836 



Core al,3-Fucosyltransferase 



B (Z) 



Hung bean Fuc-T C3 

Cbinpaniee rue-? VI 
Human Fuc-T VI 
Chimpanzee Fuc-T V 
Bunsn Fuc-T V 
China** hamster Fuc-T 

Chimpanzee Fqe-T III 
Hunan Fuc-T III 
Bovine ruc-T III 
House Fuc-T IX 
Human . Fuc-T VII 
Mouse Fuc-T VII 

Hunan Fuc-T IV 
Moose Fuc-T IV 
Pat Puc-T IV 
Chicken Fuc-T IV 
Zebra fiah r\jc-t 1 
Zebra fiah Fuc-T 2 
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[Q98952? 
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Caa?jo^hab<±ftiff eleowis (Q21362] 
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Aaiicebaccer pylori (630511] 
Vlhrip choline (0871553 
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<33> 
< 4> 
<45> 
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RC -357 
RG -357 
AD -280 
RD -316 
RD -317 
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Fuc^3^ "v^^ ^ S ° f between mung .«„ 

background or. ifrommon to only^ tre^ * "W* to «. «er* 

previousyl dNcrf bed «3. 44). In the ease of Ihe puUUv* &l?ntKL m 1 »» d " 

fij.no product, bav* not yet analyzed. A lysine residue slim, to be eJXl l*?e^^ fcScST^^^ 
(45). The number of residues between the depicted partial seauences an. dwn in hJ*kl,l i! r " is marked by an arrow 

6racAe/s) or, if not applicable, by Gen Bank action numberT^ ^ ° ^ nftnsfcrases *™ identified by SwissProt C*y«ar* 



of the reducing terminal GlcNAc (Pig. 7) (4, 36, 40). No other 
known structural feature of iV-Iinked oligosaccharides exerts 
such a strong and characteristic effect on the retention time of 
pyridylamino glycans (40). The compounds mass of 1564.5 
agreed exactly with the mass expected for the sodium adduct of 
the pyridylamino glycan. To exclude any possibility of fucose 



being linked to a nonreducing terminal GlcNAc and to allow 
comparison of retention time with a reference oligosaccharide 
analyzed previously by independent methods, i.e. pyridyiami- 
nated MMF* from honeybee venom phospholipase (Fig 1) (26) 
the product was digested with Macety|-0-gh Kosamini a ase In .' 
deed, the putative MMP 3 coeluted with the reference glycan. 
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matically between mung bean seedlings from two suppliers. 
* Based on partial peptide sequences, a cDNA putatively en- 
coding Puc-T C3 was cloned. A first confirmation of the authen- 
* ticity of this cDNA came from comparison of the theoretical 
" tryptic map of the translated sequence with the peptide masses 
obtained from purified Puc-T C3. Unfortunately, no matching 
peptides could be found for a large portion at the N terminus 
comprising the putative transmembrane and cytoplasmic do- 
main. While suppression effects are not uncommon in MALDI- 
MS, this might also indicate that the purified enzyme was a 
truncated form lacking these domains. Expression of the cloned 
cDNA in the baculovirus-insect cell system finally confirmed 
that it encoded Fuc-T C3. The recombinant transferase used 
the acceptors GnGn-, M5Gn-, and the "mammalian" GnGnF 6 - 
peptide with similar efficiency. It is, to our knowledge, the first 
time that the biosynthetic intermediate M5Gn is shown to be a 
potential acceptor for fucose. Remarkably, GnGnF 6 which cer- 
tainly does not occur in plants, appeared to be the best acceptor 
m kinetic terms. A 01,4-Iinked Gal residue on the 3-arm inhib- 
its the action of Puc-T C3. This explains the reduction of fuco- 
sylated glycans in plant cells expressing recombinant 01,4- 
galactosyltransferase (42). Incorporation of fucose by the 
recombinant enzyme rendered a glycopeptide resistant against 
AT-glycoeidase F which is in keeping with the inability of this 
glycosidase to act on core al,3-fucoayiated substrates (27). In 
addition, the product was analyzed by reverse phase HPLC 
using the authentic reference glycan MMF* from honeybee 
venom phospholipase Aj. 

Considering the evolutionary distance between Puc-T C3 and 
mammalian Lewis blood group al,3/4-rucoayltransferases and 
their different acceptor substrates, we did not expect to find 
sequence homologies to this enzyme family. Indeed, the amino 
add sequence of Fuc-T C3 displays an insignificant overall 
homology of 18-21<B when compared with these fucoayltrana- 
ferases. However, a large part of exon II (residues 154 to 350) 
exhibits, e.g. S\% identical residues with chimpanzee Fuc-T VI 
The conserved residues are found clustered in four regions as 
depicted in Pig. 6. Two of these clusters constitute the highly 
conserved regions identified previously by Breton et al. (42) 
Especially, region D (region II in Refe. 43 and 44) appears to be 
highly conserved between mammalian Lewis and plant core 
fucosyltransferases. This region also contains a Lys residue 
identified to be essential for acitivity of human Puc-T V and 
Fuc-T Vn (identified by an arrow in Pig. 6) (45). Mammalian 
Fuc-T contain in region B (region I in Refe. 43 and 44) a 
DSD-motif suggested to be part of the catalytic site (46) In 
mung bean Puc-T C3, a SSD-motif is found at this site Re- 
markably, bacterial and protozoan fucosyltransferases exhibit 
a lower degree of homol ogy thaamori.nii»wru>|f aiv .p llc ^. with 
the possible exception of a putative Schistosoma Japonicum 
Fuc-T of which only an EST exis to (44). Although exon III on its 
own is not significantly homologous to the Lewis blood group 
al,3/4-fucosyltransferasee, when coupled to exon II, its first 
part (residues 351 to 384) can be tentatively aligned with ez 
human Puc-T VI or V to reveal the conserved motifs Arg-Trt 
( Arg^ys) (with Trp-Arg being found in all mammalian Puc-Ts) 
and Cys-JT-r-Cys, where X very often is a basic residue In 
contrast, a Cys residue which is located between the conserved 
regions A and B and which has been shown to be involved in 
binding of GDP-fucose by human Puc-T III, V, and VI (47) i a 
not seen in Fuc-T C3. In other animal fucosyltransferases, this 
Cys residue is replaced by Ser or Thr. However, the only hy- 
droxy amino acid found at this site of Fuc-T C3 is Tyr. It shall 
be noted, that no sequence similarities of residues 385-^610 
from mung bean Fuc-T C3 with animal al,3/4-nicosyltrans- 
ferases are to be expected because these much shorter enzymes 
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do not contain a comparable region. Despite a similar substrate 
specificity, the recently cloned porcine and human core ol,6- 
fucoayitransferases do not exhibit any obvious sequence simi- 
larities with mung bean core r*l,3-rucosyItransferases (21, 22). 

Sequencing of the genomic region containing the open read- 
ing frame of Fuc-T C3 predicted three introns dispersed be- 
tween four exons. Exon II with its conserved regions and the 
cytoplasmatic region on exon I are separated by a large intron 
of 771 bp. Introns interrupting the coding region have also been 
found in mouse FTVII (QH131) (48) and in Caenorhabditis 
degans CEFT-1 (Q21362) (49), the latter containing nine in- 
trons. In contrast, in many other ol,3-fucosyltransferases the 
entire coding sequence is contained within a sinrie exon W4 
50, 51). 5 ' 

Mung bean Fuc-T C3 is the first plant fncosyltransferase and 
the first core «l,3-fucosyl transferase which has been cloned 
and sequenced. Our designated abbreviation "Fuc-T C3~ takes 
mto account the transfer of fucose into the 3 position of the core 
GlcNAc. Following the nomenclature of other fucosyitrans- 
ferases. the enzyme may also be designated Puc-T X More 
S lS ,fi( 2^ t i y ' ? wiU now 1)6 Posofol* to express large quantities 
of Fuc-T C3, thus enabling the in vitro synthesis of a variety of 
core «l,3-fucosylated AT-glycans or AT-glycopeptides from accep- 
tors which are derived from mammalian glycoproteins. These 
•Vegetabilized" structures will aid in the further elucidation of 
the role of core nrl,3-fucose in the imraunogenicity of plant and 
insect glycoproteins. 

^kwvtedgments- Wo thank Barbara Swoboda for help with insect 
cell culture Dr. llerla SteinMlncr Tor providing tobacco GlcNAc tent 
frraso I. and Dr. Iain B. 11. Wilson for'readinglhc manuscri,* 
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Declaration of Dr. Iain Wilson 



I, Iain Benedict Howe Wilson, D.Phil., hereby declare as follows: 

1 . I studied biochemistry at the University of Edinburgh and the University of 
Oxford and graduated as a doctor of philosophy in 1991. 

2. Since 1999 I am working at the University of Agriculture, Vienna, and am 
since March 2002 associate professor at the Institute of Chemistry. 

3. My curriculum vitae is attached hereto as appendix A. 

4. I am the author/co-author of over 30 publications whereby these publications 
relate to the technical field of glycosylation of proteins and glycosyltransferases. A 
list of these publications is attached hereto as appendix B. 

5. I have read the present application EP 1 15 1 109 A 1 as well as the Office 
Action according to article 96(2) EPC dated 13 January 2003. 

6. I do not agree with the assertions in the Office Action item 5.1 that claim 1 
of the present application relates by the term "50% homology to sequence SEQ ID 
No. 1" to a too high number of possible DNA molecules so that the person skilled 
in the art would not be able to detect and isolate the inventive DNA molecules 
without undue burden. 

7. With the help of programs, such as BLAST at the EMBL or SWISSPROT 
internet sites, it is possible to define the exact percentage of homology or identity 
between two given sequences. This is a very common method and since it is 
carried out electronically the result can be expected immediately. Furthermore, 
since these programs are accessible on internet this method can be carried out from 
any computer or processor without the need of additional equipment. 

8. Various methods are known of how to find sequences which could show at 
least 50% homology to SEQ ID No. 1 and which therefore potentially fall within 
the scope of protection of claim 1 of the present application. 

One possibility is defined in claim 24 of the present application whereby a known 
DNA molecule, for example the inventive DNA molecule according to claim 1 of 
the present application, which codes for a GlcNAc-al,3-fucosyltransferase is 



added to a sample and sequences which bind to this added DNA molecule can be 
tested for homology as mentioned above. 

Another possibility would be to check data bases for published sequences which 
potentially fall into the scope of protection of claim 1 of the present application 
and to check these with respect to homology according to the method as mentioned 
above. 

9. These are only examples of how potential DNA molecules can be provided with 
which the homology test as mentioned above can be carried out. These methods 
(among others) belong to basic techniques which can be carried out by any person 
with basic laboratory experience in this technical field. Therefore, the person 
skilled in the art will be able to isolate or detect a DNA molecule (on the basis of 
the knowledge of SEQ ID No 1) and to verify the percentage of homology between 
the detected DNA molecule and the sequence according to SEQ ID No. 1 without 
undue burden. 

10. A further feature necessary for a DNA molecule to fall under the scope of 
protection of claim 1 of the present application is that the DNA molecule must 
code for a protein with fucosyltransferase activity. In order to test this the basic 
method comprises adding the respective protein to a sample comprising labelled 
fucose and an acceptor which may be any peptide to be glycosylated. This acceptor 
may be for example bound to a carrier which will facilitate the detection. After a 
reaction time the sample is usually washed and a content of bound fucose to the 
acceptor is measured. The activity of the fucosyltransferase is defined in the 
present application, page 5, 1 st paragraph, as being positive if the activity 
measurement is higher by at least 10 to 20%, in particular at least 30 to 50%, than 
the activity measurement of the negative control. Furthermore, it is possible to 
varify the structure of the glycoprotein additionally for example by means of 
HPLC. These methods are well known to the person skilled in the art and they are 
for example described in publications by Staudacher et al., 1998, Anal. Biochem. 
246, 96-101; and by Staudacher et al., 1991, Eur. J. Biochem. 199, 745-751. This 

is also mentioned in the present application on page 5, 1 st pragraph. 

Such a method is described in more detail on page 5, 2 n( * paragraph as well as in 
example 6 on page 30 of the present application. 

However, even without these examples for measuring the activity of a potential 
fucosyltransferase, the person skilled in the art who knows in what way the al,3- 
fucosyltransferase acts (e.g. which molecules it adds to which proteins and in 



which positions), whereby this information is published as mentioned in the 
specification of the present application, will be able to set up and design a protocol 
with which the activity of a given transferase can be tested. 



1 1 . Therefore, in order to test whether a given DNA molecule falls under the 
scope of protection of the present application, one part of the method will be 
carried out electronically and therefore is certainly not an undue burden and the 
second part of the method comprises a biochemical activity test which can be 
carried out even in a high throughput assay which means that a large number of 
proteins can be tested at once. 

12. With the data given in the present application sufficient information is 
provided to allow a person skilled in the art using his common general knowledge 
to perform the invention (to decide whether or not a given DNA molecule shows 
all features according to claim 1 of the present application) without undue burden 
and without needing inventive skills. Of course, theoretically a large number of 
potential candidates of DNA molecules show 50% homology to the sequence 
according to SEQ ID No. 1. However, the activity assay does not constitute undue 
burden to the person skilled in the art. On the contrary, with the help of high 
throughput techniques which belong to basic laboratory methods the test with 
respect to al,3-fucosyltransferase activity can be carried out quickly and 
efficiently, e.g. without undue burden. 

13. I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true. 
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EXHIBIT E 



EXAMPLE 



Suppression of formation of antigenic N-glycan in Drosopnila 

A fruitfly (Drosophila melanogaster) homologue FucTA of the mung 
'bean core al, 3-fucosyl transferase (Leiter et al., 1999; Document 
Dl) has been recently identified, cloned and it has been found to 
be enzymatically active. More recently it was shown by in situ 
hybridisation Drosophila core al,3-FucTA mRNA to be expressed in 
the fly embryonic central nervous system. The discovery of rapid 
gene disruption by introduction of homologous double stranded 
(ds) RNA fragments, also called RNAi effect, has accelerated our 
attempts on the function elucidation of the fly core al, 3-fuco- 
syl transferase FucTA. Disruption of the fly FucTA mRNA in the 
cultured Drosophila neuronal cells by homologous dsRNAs has led 
to the loss of carbohydrate anti-HRP epitope, known as a neuronal 
marker (s. Figure C) . These data clearly suggest the FucTA in 
vivo to be involved in the biosynthesis of the neuronal carbohy- 
drate anti-HRP epitope. 

To exemplify the importance of al, 3-fucosyltranf erases in verte- 
brates, however acting terminally, mice lacking the al, 3-fucosyl - 
transferase FucTVII exhibit a leukocyte adhesion deficiency by 
impairing the fucosylation of leukocyte receptors. 
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RNAi Induced with fragments of: 

1: core a1,3-FucTA 

2: corea1,6-FucT 

3: Drosophlta lectin CG2958 

4: core a1,3-FucTA + core a1,6-FucT 

5: core a1 ,3-FucTA + CG2958 

6: Nervana Nrv 2.2 



Fig. c: Drosophila neuronal ceils were incubated with the individual dsRNA fragments 
and incubated for four days at 26°C 1x106 cells after RNAi was loaded per lane and 
assa y e d C n a Western blot with anti-HRP antibodies. Notice that only cells treated with 
the core a1,3 FucTA derived dsRNAs caused the loss of neural carbohydrate anti-HRP 
epitope (lanes 1 ,4,5). 



EXAMPLE 

Knock out of core 1, 3- fucosyl transferase in the moss 
Physcomitrella patens 

Description 

Different technologies exist for the downregulation of enzyme 
activity on a molecular level. Using antisense, ribozyme and RNAi 
methods downregulation only up to 95% could be reached. In 
contrast, the knock out of a gene results in complete loss of the 
corresponding protein and its activity as well . Knock out of a . 
gene could be achieved by homologous recombination via disruption 
or replacement of the endogenous gene. One of the few organisms 
in which efficient homologous recombination occurs is the moss 
Physcomitrella patens. Downregulation of genes would be very 
important especially for the production of recombinant proteins 
in plants. For example, there are two additional sugar residues 
(xylosyl and fucosyl residues) in the core structure of N-glycans 
on glycoproteins of plant -derived compared to mammalian derived 
N-glycans. These residues are considered to be allergenic to 
humans . 

In Physcomitrella patens the GDP-L-Fuc:Asn-l inked GlcNAc al,3- 
fucosyltransf erase (Accession CAD22109) showing 57% identity at 
the amino acid level to mung bean al, 3-fucosyltransf erase 
described by Leiter et al . 1999 (Document Dl) could be knocked 
out by homologous recombination. The knock out of core <xl,3- 
fucosyltransf erase resulted in the complete loss of ocl,3-linked 
fucosyl residues on the core structure of N-glycans isolated from 
Phyacomitrella patens and analysed by MALDI-TOP mass spectrometry 
(table A) . 

Methods 

The fucosyltransf erase knock out in Physcomitrella patens was 
performed by cloning a selection cassette (npt II gene under 
control of the 35 S promotor and the 35 S termination signal) 



19/11/2002 



EP 00904677.2 



between homologous sequences (5' flanking region 715 bp; 3' 
flanking region 812 bp) corresponding to the fucosyltransf erase 
gene of Physcomitrella patens. The vector pCR3 was used for 
cloning resulting in the new vector named pCR3 fucosyltransf erase 
ko/npt II ki. For each transformation 20 microgramm of this 
plasmid were digested with two restriction enzymes resulting in 
two linearised fragments. One fragment contained the selection 
cassette flanked by the homologous sequences for the Pp 
fucosyltransf erase the other fragment contained the vector 
sequences . 

Transformation and regneration of Physcomitrella patens 
protoplasts were performed under standard conditions. For 
selection, Knop's media were supplemented with 50 mg/1 G418- 

To analyse positive plants, the homologous recombination was 
checked by PCR using specific primer combinations. The plants 
positive for homologous recombination were tested in RT-PCR 
experiments which confirmed the results of the PCR. 

Three knock out plants were used for analysing the N-glycan 
structures. Compared to wild type plants the knock out lines 
showed normal growth and dif f erentation. 

N-glycans were analysed by MALDI-TOF mass spectrometry (table A) . 
al,3-linked fucosyl residues were completely lost confirming the 
knock out of the core Ctl, 3-fucosyltransf erase gene in 
Physcomitrella patens. 
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